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PREFACE 


This report was prepared by McDonnell Douglas Aerospace - West under Task 
Assignment 10 of contract NASI - 19060 with NASA Langley Research Center. This 
report is organized in two volumes. Volume 1 is the technical report containing a 
description of the work performed and a discussion of the results. Volume 2 is the data 
report and contains tabulations of computed metrics of recorded sonic boom.events. 

The NASA Technical Monitor for this task was Dr. Kevin P. Shepherd. 
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1. INTRODUCTION 


A major challenge in the development of a commercial high speed civil Transport is 
the ability to design the vehicle so that its sonic boom is not objectionable to the 
community. Human response to sonic boom depends on characteristics of the boom 
signature. The latter, however, are affected significantly by atmospheric propagation. 
Since atmospheric conditions can vary in a given day and from day to day, a significant 
variation in sonic boom signature is possible for a given aircraft design. The impact of 
this variability in boom signature on perceived human response must therefore be 
evaluated and understood. 

Measurements of sonic boom signatures are often analyzed in terms of maximum 
overpressure, rise time, and impulse. This type of analysis yields important information 
about the effects on the boom signature due to propagation through the atmosphere. 
However, it is difficult to evaluate the effects on the response of people and buildings 
to sonic booms using these parameters. To alleviate these difficulties an analysis 
approach based on frequency domain parameters was adopted in the present study. 

Using data from two flight test programs conducted at Edwards Air Force Base, 
California in 1966 and 1987, sonic boom signatures were analyzed in terms of C- 
weighted sound exposure level (CSEL), A-weighted sound exposure level (ASEL), and 
Stevens Mark VII perceived level (PLdB), as well as the more traditional peak positive 
overpressure and rise time. The 1987 database (known as the BOOMFILE database) 
consists of nearly steady supersonic flyovers of F-4, F-15, F-16, F-18, F-l 1 1, T-38, and 
SR-71 aircraft whereas the 1966 database contains XB-70 flyovers. The variations in 
sonic boom signatures in these databases were examined as a function of aircraft flight 
conditions such as altitude, Mach number, and aircraft distance to the side of the 
microphone. The variability of these sonic boom signatures with respect to 
atmospheric conditions (based on the time of the day) was determined for both 
databases. Comparisons were also made with predicted sonic boom signatures, based 
on propagation through a non-turbulent atmosphere. Sonic boom asymmetry, defined 
as the difference between the compression portion and the expansion portion of the 
sonic boom signature (in terms of A CSEL, A ASEL, and A PL) was also evaluated. 
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2. BOOMFILE SONIC BOOM DATABASE 


The BOOMFILE database (Reference 1) contains sonic boom signatures recorded 
from flyovers of F-4, F-15, F-16, F-18, F-lll, T-38, and SR-71 aircraft, totaling 43 
passes in all. These signatures on the ground were recorded using 13 Boom Event 
Analyzer Recorder (BEAR) devices on the ground. The 13 BEARs were arranged in a 
linear array located perpendicular to the flight path at sideline distances ranging from 0 
miles (i.e., directly under the flight path) to roughly 20 miles (Figure 1). The aircraft 
flew across the microphone array with steady flight conditions which were achieved 
several miles prior to reaching the microphones. BOOMFILE also contains aircraft 
tracking data which consists of altitude, Mach number, climb angle, acceleration, 
heading, and lateral and longitudinal position with respect to a reference microphone. 
This data is provided at one second intervals for most of the aircraft overflights. 
Limited atmospheric data was also collected during the BOOMFILE tests. This data 
consists of ground station wind speed and direction, air pressure, and air temperature 
measured just prior to each set of flyovers. Upper atmosphere rawinsonde data 
recorded at nearby weather stations on the test days provide wind speed and direction, 
sound speed, relative humidity, dew point, temperature and pressure at 1,000 foot 
altitude intervals ranging from roughly 2,500 to 100,000 feet above mean sea level. 
Additional details about this test program can be found in Reference 1 . A listing of the 
flight conditions of each aircraft run is shown in Table 1. 


3. XB-70 SONIC BOOM DATABASE 


The XB-70 database (Reference 2) consists of frequency spectra and overpressure 
time histories of sonic booms for 51 flights of the XB-70 aircraft. The data was 
collected at several ground stations using a microphone, tuning unit, d.c. amplifier, and 
FM tape recorder setup played back into a recording oscillograph. The oscillograph 
plots were then digitized using an optical scanning system. In this test program the 
microphones were arranged at two sites in different configurations - a four microphone 
cluster with three ground and one pole (20 feet above the ground) microphones, and an 
eight microphone cluster with six ground and two pole microphones. Each cluster was 
located within a 200 foot by 200 foot gnd pattern (Figure 2). The location of the 
measurement site with respect to the aircraft flight path for different runs ranged from 
directly underneath to a sideline distance of over 15 miles. Each run is considered as 
one flight over one cluster of 4 or 8 microphones, the flight conditions of which are 
listed in Table 2. Table HI of Reference 2 contains the aircraft altitude, Mach number 
and sideline distance to the microphone for each run in the XB-70 database. 
Atmospheric data for this database consists of digitized trace plots for temperature and 
wind speed parallel and perpendicular to the flight path for all runs. Also included in 
the database are rawinsonde data consisting of pressure, temperature, wind, and 
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relative humidity recorded at 12:00 and 24:00 hours. Test site climatological data 
consists of temperature, wind speed and direction, cloud cover description, and dew 
point within an hour of each run. 


4. AUGMENTED SONIC BOOM DATABASE 


Both time domain and frequency domain metrics were calculated for each sonic 
boom signature. The maximum and minimum overpressure, unweighted sound 
exposure level (SEL), C-weighted sound exposure level (CSEL), A-weighted sound 
exposure level (ASEL), and perceived loudness level (PLdB) were calculated for each 
run in both the BOOMFILE and XB-70 databases from the overpressure time histories. 
This was done by using the classical Fourier transform procedure to obtain the 
spectrum then applying the appropriate frequency weighting for CSEL and ASEL, or 
performing Stevens MARK VII procedure for PLdB. Four classifications of rise times, 
time to 100% Pm«, time from 10% to 90% Pm.*, time to 75% Pm«, and time to 50% 
Pmax were also calculated. These calculated quantities were added to the BOOMFILE 
and XB-70 databases resulting in the corresponding augmented sonic boom databases. 
The database augmentation is done in two parts - one for the noise metrics and one for 
the rise time. A sample of this augmented database for the BOOMFILE is shown in 
Table 3a (for noise metrics) and in Table 3b (for rise times). The entire listing of these 
tables and similar tables for the XB-70 database are included in Appendix A (in volume 
II of this report). 


5. SONIC BOOM SIGNATURE PREDICTION 


Sonic boom prediction can, in general, be described as a three step process: 
prediction of the pressure disturbance in the vicinity of the vehicle, calculation of linear 
acoustic propagation to large distances accounting for atmospheric gradients, and 
calculation of non-linear steepening of the boom signature as it propagates. In this 
study sonic boom signatures were predicted using Carlson's simplified method 
(Reference 3) option of the sonic boom analysis program MDBOOM (Reference 4). 
The near field pressure distribution is calculated directly using a simple F-function 
scaled to local flight and atmospheric conditions. The scaling factors used are the lift 
parameter (Kl) determined from the aircraft Mach number (M), weight (W), length 
(1), and local pressure (Pv), and the shape parameter (Ks) determined from the aircraft 
type and Kl (Figure 3). 

Ks is then used to scale the simple F-function of Figure 3 by the factor shown. The 
signature is propagated to the microphone (far field), resulting in a change of 
amplitude. An aging or steepening calculation is then performed to model the 
evolution of the signature into a shock wave. The shock structure of the propagated 


3 



signature is modeled with the following equations prior to calculating the various noise 
metrics. 


0.003 

Ap 

where: 

Ap = shock pressure jump (psf) 
t = time (sec) 

T = Empirically determined rise time constant (sec) 

The result is a model of a fully aged sonic boom signature propagated through a 
non-turbulent atmosphere (ideal N-wave). 



6. BOOMFILE DATA ANALYSIS 


The BOOMFILE data was divided into four groups based on aircraft altitude and 
Mach number. The range of flight conditions for these groups are shown in Table 4a. 
The overpressure, rise time, and response metrics of the measured sonic boom 
signatures for all sideline distances were compared with the corresponding predicted 
values. Figures 4a and 4b compare the measured maximum overpressure values with 
predictions for two flight groups. For the low altitude / low Mach number group 
(Figure 4a), the measured overpressures show a large variability (about a mean value) 
at all sideline distances. By comparison, the predictions for a non-turbulent atmosphere 
have a much smaller spread. The high altitude / high Mach number group, however, 
does not show much variability in the measured data compared to the prediction. 
While the measurements of both groups include the effects of propagation through the 
turbulent layer (the last few thousand feet of the atmosphere), the high altitude / high 
Mach number group has steeper ray paths which results in shorter propagation 
distances through the lower layer yielding less turbulence distortion. In a recent study. 
Sparrow and Gionfriddo (Reference 5) have also noted a strong linear correlation 
between sonic boom waveform distortion and the path length through the turbulence. 
One factor which may have contributed to the greater variability in the low altitude/ 
low Mach number group is that this group included 13 flights spread over 5 days 
whereas the high altitude / high Mach number group included only 2 flights on the same 
day. Another factor is that some of the measurements in the low altitude / low Mach 
number group were close to the lateral cutoff distance. These factors can all be 
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expected to increase variability in measurements and reduce theory - data agreement. 
Similar plots for the two intermediate altitude / Mach number groups which also show 
greater variability than the high altitude / high Mach number group can be found in 
Volume II, Appendix B. 

The variability in the rise times (defined as the time required to go from 10% to 90% 
maximum positive overpressure) for the two groups of measurements corresponding to 
Figures 4a and 4b is plotted in Figures 5a and 5b. Again, the low altitude / low Mach 
number group shows a wider range of rise time values (up to 50.3 msec) compared to 
the smaller variation (up to 1 1.8 msec) for the high altitude / high Mach number group. 
It is noted that the rise times in the low altitude / low Mach number group are generally 
significantly higher and rarely significantly lower than prediction. The predicted values, 
based on a best fit of experimental data (Reference 4), have little variability in both 
groups of data. A general trend of slightly increasing rise time with sideline distance for 
measured and predicted data can also be seen. 

Loudness level is affected by both overpressure and rise time. Because the high 
altitude / high Mach number group had good agreement between measured and 
predicted overpressures and rise times, a similar trend can be expected for the loudness 
level. This is shown in Figure 6b. For the low altitude / low Mach number group the 
loudness level of the measured booms have greater scatter (up to 25 PLdB) around the 
predicted boom loudness level (Figure 6a). It is noted that the loudness level of the 
measured boom is more frequently lower than the predicted loudness level. For other 
frequency domain metrics (SEL, CSEL, and ASEL) similar trends were noted. Volume 
II, Appendix B contains comparison plots for all BOOMFUJE and XB70 database 
groups. 

The BOOMFILE database contains four pairs of repeat flights, that is flights of the 
same aircraft at nearly the same altitude and Mach number. These include FI 6 at 
14000 ft, F4 at 29000 ft, F18 at 30000 ft, and F15 at 45000 ft. Each pair of flights 
occurred on the same day. The time between flight pairs was roughly 10 minutes for 
the F16 and F4, 20 minutes for the F15 and 2.5 hours the F18. Figures 7a - 7d, 8a - 
8d, and 9a - 9d show a comparison of the measured (and predicted) maximum 
overpressures, rise times, and loudness level, respectively for the four data pairs. 
Again, the measured maximum overpressures, rise times, and loudness levels show 
greater variation for the low altitude (14,000 ft) F16 flights than for the higher altitude 
F4 (29,000 ft), F18 (30,000 ft), and F15 (45,000 ft) flights. These plots show that even 
for repeat flights on the same day, the variability in sonic boom measurements due to 
atmospheric propagation effects is substantial. The general trend of decreasing 
overpressure, slightly increasing rise time, and decreasing loudness level with sideline 
distance is also noted. 


7. XB-70 DATA ANALYSIS 


The XB-70 database represents one of the largest single aircraft sonic boom 
measurements database. The flight times ranged from 7 AM to 4 PM and since early 
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mornings are associated with low turbulence and afternoons with moderate to high 
turbulence, this database can be used to quantify the variability in sonic boom 
measurements due to atmospheric propagation effects by analyzing the data as a 
function of the time of the day. 

The XB-70 database does not contain any data for supersonic flights at altitudes 
below 30,000 feet. Thus it was not possible to evaluate sonic boom variability at low 
altitudes versus high altitudes. Repeat runs were identified for nominal operating 
conditions of 1.8 Mach, 50,000 feet altitude and 2.9 Mach, 70,000 feet altitude. 
However, the repeat flights within each group were at different sideline distances. The 
XB-70 database was divided into four altitude / Mach number groups which included 
all available data (30,000 feet to 72,000 feet altitudes). These groups are shown Table 
4b. 

The measurements in the XB-70 database used either three or six microphones set 
up in a 200 by 200 foot square on the ground. Only minor variations are expected 
from one microphone to the other when they are located in such close proximity to 
each other. Atmospheric turbulence and thus the signatures are, however, expected to 
vary with the time of the day. Figures 10a through 10c examine the variation in 
maximum overpressure, rise time, and loudness level (PLdB) with time of day. The 
data points are for flight conditions Mach = 1.17 to 1.87 and altitude = 40,000 ft to 
50,000 ft (identified as Group 2 in Table 4). The variation in values from one cluster 
(group of measured data at a given time from the same flight) to another is due to 
differences in operating conditions and sideline distances. For example, a 7:50 flight 
with a Mach number of 1.8, altitude of 44,900 feet, and lateral distance of 41,700 feet 
has a mean value of 2.045 psf, whereas an 15:32 flight with a Mach number of 1.17, 
altitude of 41,000 feet, and lateral distance of 6,830 feet has a mean value of 3.85 psf. 
Multiple values of predicted overpressure (Figure 10a) and loudness level (Figure 10c) 
at a given time represent different operating conditions and sideline distances. It is 
noted that all predicted values of rise time, although not shown in Figure 10b, varied 
only from 4 to 8 milliseconds. The variations observed within a cluster of 
measurements are then due only to propagation effects, presumably turbulence. 

It can be noticed in Figure 10a that the variability within a cluster of maximum 
overpressure is very small for morning flights (prior to 11AM). Around noon and in 
the afternoon this variability increases a little. The rise time (Figure 10b), shows an 
increase in variability in the afternoon. Figure 10c shows that variations of as much as 
10 PLdB occurred in loudness of booms measured both in the morning and in the 
afternoon. Similar variability in loudness level was noticed in groups 1,3, and 4 of the 
XB-70 database with the higher altitude runs generally having slightly lower variability 
(see Volume II, Appendix B). 


8. ASYMMETRY 


In the prediction of sonic booms symmetry is assumed for the ideal N-wave. The 
measure of sonic boom asymmetry was determined by the difference between 
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overpressure, CSEL, ASEL, or PLdB calculated separately for the compression portion 
and the expansion portion of the sonic boom signature. Variation of these boom 
asymmetry metrics with the time of day is plotted in Figures 1 1 and 12. The variability 
in A overpressure (compression minus expansion) for the lower altitude group of flights 
(Figure 1 la) is slightly greater than the high altitude group of flights (Figure 1 lb). The 
lower values and smaller variability in A overpressure for the higher altitude group is 
consistent with the near perfect N-wave (A overpressure equals zero) shaped signatures 
and steeper propagation ray paths associated with the signatures of this altitude group. 
In the "afternoon hours", the asymmetry in loudness level (Figure 12) has a greater 
variability than the asymmetry in overpressure. This is an indication of the larger effect 
of atmospheric turbulence on sonic boom rise time. Also note in Figure 12b that the 
loudness level of the compression portion of the sonic boom signature is generally 
lower than the loudness level of the expansion portion. This is an indication that 
atmospheric propagation affects the front shock more than the aft shock. Volume n, 
Appendix C contains additional asymmetry data. 


9. STATISTICAL ANALYSIS 


The forgoing analysis has indicated that variability in sonic boom rise time increases 
with sideline distance (Figure 8) and during afternoon hours (Figure 10b). In order to 
separate these effects, the XB-70 database was divided into two data groups based on 
lateral cutoff distance calculated from the cutoff azimuth angle, as determined using the 
MDBOOM program (Reference 4). The two groups were data falling inside 50 
percent of the calculated lateral cutoff distance (dye) and that which fell outside of this 
boundary. Such a grouping has been used in Reference 6 in the analysis of 
BOOMFILE data. The histograms in Figures 13a and 13b represent the distribution of 
measured maximum overpressure values, normalized by the corresponding calculated 
(standard non-turbulent atmosphere) maximum overpressure for these two groups in 
the XB-70 database. It can be seen that for the below 50% dye group maximum 
overpressure distribution is approximately symmetrical. This is statistically 
representative because of the large number of events (180). By comparison, the above 
50% dye group shows a large variability in measured maximum overpressure. The 
corresponding loudness level variability is plotted in Figure 14. Again it can be seen 
that the below 50% dye group (Figure 14a) has a symmetrical PLn*»* distribution with a 

-0.15 dB mean for PLme«j - PL»ic / P max whereas the above 50% dye group (Figure 
14b) has a bi-modal type distribution with a -1.7 dB mean and larger variance about the 
mean. The range of altitudes and Mach number of both groups is large to include all 
points in the database. Other statistical measures such as variance, skewness, and 
kurtosis are shown on the figures as well. 

The variability of measured maximum overpressure in the below 50% dye group 
was further analyzed in terms of the time of day in order to quantify the turbulence 
effects. The histogram in Figure 15a shows that the maximum overpressure 
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measurements for the morning (before noon) flights have a smaller variance (0.07) than 
for flights which occur after noon (0.11) as shown in Figure 15b. While the mean 
values of maximum overpressure in the two plots are not very different, the mean 
values occur more frequently before noon than after noon. Figures 16a and 16b 
present the data of Figure 15 in terms of loudness level. Again, the increased variance 
in the afternoon flights (28.57 opposed to 15.26) can be noticed as a broad and rather 
flat histogram. The mean value is essentially independent of time-of-day. This trend 
was also observed in the sonic boom measurement program at White Sands Missile 
Range (Reference 7). 

Attempts were made to classify each run based on the degree of turbulence 
calculated from the atmospheric data of the BOOMFILE and XB-70 databases. A 
procedure for calculating the Richardson number, outlined in Reference 8 (pp. 141 - 
143), from the rawinsonde wind and temperature profiles of BOOMFILE was used. 
The profiles, however, did not include measurements at altitudes and times 
corresponding to the ground station data to allow meaningful calculations. The 
Richardson numbers calculated using the XB-70 database were also erroneous, not 
surprising because the rawinsonde data was taken at locations which were up to 15 
miles away and only down to altitudes of around 1,200 feet. Because the Richardson 
number is a surface layer parameter, other turbulence structure parameters associated 
with the mixing layer like stability ratio and refractivity index were also calculated. 
Unfortunately, the atmospheric data provided was again not adequate to allow valid 
calculations. 

The XB-70 data was also analyzed in terms of equivalent (average) overpressures 
and equivalent (logarithmic average) PLdB because the measurements used a cluster of 
nearly collocated microphones. In this analysis the average maximum overpressure and 
the logarithmic average PLdB as well as their respective standard deviations were 
calculated for each cluster of microphones, including only the ground microphones. 
These equivalent parameters also show the trend of increased variability with 
decreasing altitude/Mach number (see Volume H, Appendix D). 


10. CONCLUSIONS 


The BOOMFILE and XB-70 sonic boom databases were analyzed in terms of 
overpressure and rise time as well as frequency dependent parameters such as 
perceived loudness level, ASEL, and CSEL in order to quantify the effects on sonic 
boom signature due to propagation through atmosphere. Each database was first 
divided into four groups according to flight altitude and Mach number. This analysis 
indicated that for the lower aircraft altitude and lower Mach number runs the 
propagation through atmosphere causes large variations in the measured sonic boom 
metrics, up to 5.6 psf in overpressure, 50.3 milliseconds in rise time, and 27 PLdB. 
This may be attributed to the fact that the higher Mach number flights have steeper ray 
paths and therefore reduced effects of refraction. A steep ray path will also result in 
less distance traveled through the earth's lower boundary layer and thereby reduce the 
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effects of propagation through turbulence. Another contributing factor is that the 
lower altitude / Mach number runs, in some cases were close to lateral cutoff. A third 
factor, which pertains to the BOOMFILE data only, is that the lower altitude / Mach 
number groups included many flights over several days, whereas the two high altitude / 
Mach number flights occurred on the same day, i.e. no day to day variation. A general 
trend of decreasing overpressure, increasing rise time, and decreasing perceived 
loudness level with lateral distance was seen as well. 

The variability in overpressure and rise time tended to be less in the early morning 
increasing in the afternoon. Variations in loudness level up to 10 dB were observed in 
both afternoon and morning flights. The asymmetry of the measured sonic boom 
signatures was defined as the difference in overpressure (or loudness level) between the 
front compression part of the signature and the aft expansion part of the signature. The 
variability in these asymmetry measures ( A overpressure and A loudness level) as a 
function of time of day was also evaluated. The variability in A loudness level again 
exceeded that of A overpressure, an indication of the influence turbulence has on rise 
time. 

A statistical analysis of the XB-70 data showed that for data within 50% of the 
lateral cutoff distance the measured sonic boom metrics had a normal distribution, 
whereas for data beyond 50% lateral cutoff distance a bi-modal distribution and greater 
variability were observed. Time of day analysis of the normal distribution data showed 
that the mean value occurred more frequently in the morning than the afternoon, but 
that the value itself was independent of the time of day. This is clear evidence of 
increased turbulence in the afternoon. 
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Table 1 - BOOMFILE Flight Conditions Summary 


FLIGHT TRACK 
DATE AIRCRAFT INTERSECTION 

MACH ALTITUDE 
NUMBER (Ft MSL) 

BOOH AT SITE 00 
{Local Time) 

31 JUL 87 

F-4 * 

57.8 

1.20 

16000 

08:41:20 

03 AUG 87 

F-4 

60.1 

1.24 

29200 

07:48:33 


F-4 

60.6 

1.29 

29300 

07:58:33 


F-4 

53.6 

1.10 

13000 

08:08:04 


F-4 

59.2 

1.10 

14400 

10:29:59 


F-4 

61.3 

1.37 

44400 

10:43:22 


T-38 

58.6 

1.00 

13600 

10:05:35 


T-38 

56.0 

1.10 

13000 

10:12:15 


T-38 

59.5 

1.11 

29600 

12:28:18 


T-38 

60.5 

1.05 

21200 

12:38:17 

04 AUG 87 

AT -38 

60.0 

1.17 

41400 

07:19:41 


AT -38 

60.0 

1.12 

32300 

07:30:09 


AT -38 

63.0 

1.15 

16700 

07:36:46 


AT-38 

59.6 

1.20 

30300 

09:14:06 


AT -38 

59.0 

1.10 

14000 

09:23:15 


F-15 

61.5 

1.38 

41400 

07:56:42 


F* 15 

60.3 

1.20 

29700 

08:04:06 


F-15 

60.6 

1.10 

12500 

08:10:13 


F-15 

60.0 

1.13 

15200 

10:46:15 


F-15 

59.0 

1.28 

31000 

11:02:18 


F-15 

64.0 

1.42 

45000 

11:11:28 


F-15 

60.0 

1.40 

45500 

11:34:21 

05 AUG 87 

F-16 

57.0 

1.25 

29500 

09:06:05 


F-16 

60.0 

1.43 

46700 

09:33:54 


F-16 

58.8 

1.17 

19300 

09:44:51 


F-16 

59.5 

1.13 

14400 

11:44:24 


F-16 

60.6 

1.12 

13800 

11:54:39 


F-16 

60.5 

1.25 

30000 

12:04:46 


SR- 71 

60.8 

2.50 

64800 

09:26:12 


SR -71 * 

59.8 

3.00 

73000 

10:55:12 


SR-71 

59.4 

1.23 

32400 

11:08:38 


SR-71 

62.0 

1.70 

52000 

12:35:51 

06 AUG 87 

F-18 

60.0 

1.30 

30000 

07:44:12 


F- 18 

59.6 

1.40 

44700 

* 07:57:05 


F-18 

58.0 

1.10 

14200 

08:10:36 


F-18 

59.8 

1.30 

30000 

10:22:47 


F-18 

59.8 

1.43 

45000 

10:34:14 


F-18 * 

59.8 

1.10 

13000 

10:48:38 


F - 14 

56.2 

1.20 

31500 

08:28:45 


F- 14 

62.0 

1.27 

16500 

10:43:43 


F-111D 

59.8 

1.20 

14000 

11:48:18 


F-111D 

59.8 

1.40 

45000 

12:04:44 

07 AUG 87 

F-111D 

58.3 

1.25 

29900 

10:50:26 


For each of these flights, except where noted by an 
asterisk, tracking data are provided 
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Table 2 * XB-70 Flight Conditions Summary 


DJM 

Filttff 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 


35 

36 

37 


38 

39 


Date 

A/C|- 
Flt 1 



3-4-65 

1-7 

4-20-63 

1-10 

7-1-65 

1-14 

7-27-65 

1-15 

8-10-65 

2-2 

8-18-65 

2-3 

8-20-65 

2-4 

9-22-65 

1-16 

9-29-65 

2-6 

10-5-65 

2-7 

10-11-66 

2-8 

10-14-65 

1-17 

10-16-65 

2-8 

11-2-65 

2-11 

11-4-65 

1-18 

11-10-65 

1-21 

11-30-65 

1-22 

12-1-65 

2=13 

12-2-65 

1-23 

12-3-65 

2-14 

12-10-65 

1-25 

12-11-65 

2-15 

12-21-65 

2-16 

1-3-66 

2-17 

1-11-66 

1-31 


T/O 

T/O 

Fit. 

Time 

Gr.Wt. 

Tina 

1018 

480K 

1:37 

1113 

610K 

1:42 

0650 

510K 

1:44 

0707 

510K 

1:43 

0700 

470K 

1:27 

1220 

490X 

1:58 

1115 

493K 

2:04 

1200 

510K 

1:57 

1147 

495K 

2:04 

1213 

495K 

1:40 

1310 

515K 

1:55 

0806 

510K 

1:47 

0012 

520K 

1:43 

1126 

520K 

1:54 

1019 

515K 

2:04 

1233 

616X 

2:02 

0900 

510K 

1:59 

0902 

525 K 

2:02 

0915 

516K 

1:69 

0906 

520 X 

1:55 

1230 

815K 

2:18 

(2nd 

run) 


0858 

520 X 

2:03 

(2nd 

run) 



1307 

510K 

1:49 

0901 

520K 

1:52 

0702 

447K 

1:35 


Boob 

Boob 

Boon 

Tine 

Mach 

Alt 

! 1114 

1.83 

60500 

1213 

1.80 

48000 

0800 

2.60 

66000 

0732 

1.23 

32000 

0740 

1.36 

42300 

1330 

1.40 

46000 

1159 

1.42 

42500 

1225 

1.50 

33800 

1220 

1.35 

33000 

1243 

1.42 

31000 

1332 

1.61 

34000 

0936 

1.76 

41000 

1027 

1.40 

50000 

1255 

1.80 

50500 

1105 

1.87 

41500 

1338 

1.61 

41500 

1010 

1.82 

53000 

1030 

2.31 

60000 

1040 

1.79 

54000 

1030 

2.48 

65500 

1315 

1.55 

30500 

1400 

1.25 

36000 

0918 

1.50 

37000 

1020 

2.90 

70000 

1427 

2.92 

70000 

1020 

2.91 

69800 

0750 

1.80 

44900 


1-12-66 

2-1B 0855 

S25K 

1:48 

1018 

1-15-66 

1-33 1108 

450 K 

1:27 

1153 

3-4-68 

1-38 1055 

523K 

2:27 

1140 

(2nd 

etatlon-oano run) 


1140 

3—7—68 

1-37 1402 

5201 

2:19 

1532 

(2nd 

otatlon-eane run) 


1532 

3-15-66 

2-24 0909 

535 K 

1:59 

1030 

(2nd 

otatlon-eane run) 


1030 

3-17-66 

2-25 0847 

535K 

1:52 

1015 

(2nd 

otatlon-eane run) 


1015 

3-19-06 

2-26 1040 

530K 

1:57 

1210 

(2nd 

etatlon-eane run) 

— — 

1210 

3-28-66 

1-40 0950 

520K 

1:41 

1053 

(2nd 

otatlon-eana run) 


1053 

3-20-66 

2-29 1027 

530K 

1:51 

1137 

(2nd 

etatlon-eene run) 


1137 

(2nd 

etatlon-2nd 

run | 

run) 

_ 

1152 

1152 

4-5-66 

1-42 1026 

S20K 

2:01 

1138 

4-21-66 

1-45 1539 

524K 

2:02 

1646 

4-23-66 

2-35 1120 

525K 

2:01 

1140 

(2nd 

otatlon-eane run) 


1140 


(2nd 

run) 


1255 

(2nd 

otatlon-2nd 

run) 

- _ _ 

1255 

5-16-66 

2-38 0900 

520K 

2:09 

1040 

5-27-66 

2-42 1100 

520K 

2108 

1240 


2.05 

66000 

1.78 

45100 

1.75 

41000 

1.62 

42000 

1.17 

41000 

1.17 

40000 

2.66 

68500 

2.66 

69300 

2.74 

66000 

2.74 

66000 

2.84 

7030Q 

2.84 

70300 

1.80 

51000 

1.80 

51000 

1.56 

44000 

1.56* 

44000 

1.36 

36400 

1.36 

36400 

1.55 

52000 

2.26 

53000 

1.11 

32000 

1» 16 

32000 

2.20 

64000 

2.20 

84000 

1.30 

44300 

1.24 

39000 


Boom Land 
Qr.Wt. Gr.Wt. 


337 X 

297 X 

350 K 

300K 

310K 

285X 

423X 

300X 

357K 

310K 

381X 

305K 

387X 

295K 

456K 

300K 

440K 

29SK 

438K 

295X 

423 X 

298 K 

433X 

300X 

313K 

293 X 

317K 

295 K 

357 X 

300 K 

34 8 K 

300 K 

325 X 

295 X 

328K 

297 X 

317K 

30 OK 

329K 

300K 

436X 

— 

371X 

295R 

454K 

— 

32 IK 

300K 

321K 

300 X 

317K 

295K 

369K 

2B5K* 

297R 

2901 

373K 

290X 

446K 

— 

445X 

293X 

344 X 



343K 

205K 

310K 

— 

310K 

293X 

308 K 

— 

30 8 K 

297K 

305 X 


30 4 K 

291K 

319K 

— 

319K 

300 X 

314K 


314K 

— 

304X 

— 

30 4 X 

300 X 

334 X 

295K 

336X 

29 OK 

468K 



467K 


362 X 


362K 

310X 

321K 

300 X 

310K 

300K 


Total number of sonic boom flights = 39 
Total number of sonic boom runs = 51 
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Table 3a - Augmented BOOMFILE Database (Noise Metrics) 


03 CO OO 00 00 

comfomvrtmintnr^m in m mm 


k b« b fe* 


o^'Chor'inr'eNincooooooooncorcoooi 

IN fN M H M O rH HHnMfNHrNHOWfNOOOOl 


vo\or^vo^or*r' <*o vo p- «o *o «o < 

' ' ■ " ^ ‘ ' 

kk.iflhibnnbkhiAkbh .1 


k k k k k 


mmonr*onmrcmoooooonr*o ©oooir»o*PA 

riNinCHONHHNr'n'fHinON'NH NvoOfNNNn 


oooooooooo 


>0000000 


lOOOO OOOOOOOO 


oooooooooooooooooooo< 
ooooooooooooooo oooo 

ONi*iN , o(Ncnnovr'inrtO n o o m 

in h m m 

HNfNHNTUrnHWfNHmH 


lOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooo ooo 

ininahmowMooohrto o m o 

A a ** so a tn o# m o re o «o* *«• o m « n 

Nmo'fHrmHfNimnn^Hn ^ 


OOOOOOOO 

o o oooo 

o o a o r* «** 

in A SO A A 

h « n n « n 


0000000000004 


10000000000000000000 


OP‘»-icoTrr*‘r-mAmrn«5Anfnocomnm< 

«ominm<-ioi(« , )r*ooNr^oo «o in o o 

mr— mr-'r-uioor-r-Avoo'w* fN ® hoi 

h h h o n | Hr'eonnNN v n r* 

I I I I 


OHHIOVOHO'OAN>«inr''00«OO^r'0 aovOOOmor*«'H 

IO IO IN O Ol SHIOAOllOIO< f l9i • i/> U1 O «8U1 

(Ainnico AHNOiOMevro I a a h oo in m 

O O V IN m N (N m H A IN CO A | P** H n 

HH II |l II ! 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

loiNOiviNwmvmomoiN'HN'iniflinnfliN'nBWO'cinwiNinino'oinrtHMN'oMniN 


I o O O O o o o 

I o o o o o o o 

I o HN O NT • m 


mpoomoioetfiNinwnoinBoiniftnoiofNONHOcoMnoiN'OiNiflinnoNHN'o 

HOHfNOAflC«c90B>OH(rOl«HOaOinOIOlOlCIOAOOlOHHOOOOHO»OHri 


I a M CO ** ♦*> SO 

I A O A «~l — ‘ O «-* 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOO 

0OHinoo(N0t0ONjNQHNiN0>ninp0N'B0nflH^««vPMni0oinoi>r'«0a mo^roveHin 


toiNoioMnineootTiPoonoNjcoaioi 

*H.H 1 _ir'4OAAAAOC0O’~*OOA~HOAO< 


ffiHoinoHrr»«»®Ni«in^*)' 

OiOOlOOHOlOHHOOOOHOi 


OniOINOIMOI^N 

CNOOOO*HOW 


O O O O O O 
O O O O O O 
IfiNHQOOl 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOO 

MOffioiiN«vinNMnoiiftwinioPHNHr»oioi«Mn^o»NOHinNiftio 


OOOOOOOO 

OOOOOOOO 

i«r-'c»r*o«H 


• *-i so a r* p^ 

A A A O CO r* 


MN)ineoc»oivn(j»o«>N«io«««oiNO<N«in^®H®®vN)P®in rnm « p • h « 

r-«*»r'«Ar'r‘p*o««»«»«3r^r»r‘r»cor‘AcpAAAA®AcoAAr^«oAO ococdcoaaaa 


0000000000000000004 

0000000000000000004 

PH^mNHOinmioinciHHioinHM 


lOOOOOOOOOOOOOOOOOOOOOO OOOOOOOO 

IOOOOOOOOOOOOOOOOOOOOOO OOOOOOOO 

!4fN , BOl<MNOamP'ONPOl«N'OlMIN«>IN(N fsOffl^OinmN 


niNMOOfNiflOOUnWOinHOBCBi 

nMNMNHOHOHOHINHHOINHt 


HN(»1MOnONO^»'Oin«'OW« H, ' n ' fl 

HHHOHHfiHfNINNHHHHNHHHfNIN 


# r* r* m h i 


in««NioP4»wNioin«N>opr'«»H»M 

mor<<^»4^»Ainr^^rA«-4AU)»HAA^P*OP* 

(Nor s fNinm'j | \oiooiNvri«jinnoin»o» 


h m « m h « 
r* ▼ n* cn « in i 
o m » oi n> oi > 


i«acocnof'**»or*OAA^mAPN B,iNfN«>»o»P 
.♦«pNin*«inP04fp>a®in nn vimoninn 

i®ior*ninnciPHO«*oAinH (nH«HOirNH« 


rnf s,rN4n^OOOO-IO^<nOOOrN^OO^OOOOOOMO- ; *77-*0^^7^0<f7 , f 77777777 

I I I I I I I I I I I I I I I I I I I 1 I I t I I I I I I I I t I I I I I I 1 ( I I I 1 I I 1 I I I 

^rNAin^riamAmAi-ini-r-oiN^orN^fnin^^iftinAAf'MOMOOinvcoAA^vrj «nH<NO«von 

^«fNH»fNarNH<DOOO4fl0»inN)»N«ChUI«OOr'ON«NPOI«1VtflVN'^NH 

<4rsoA4’'>p-p'^'»r»4o*»»rNA»nr--»*j'to^AAin«»r*or«‘ptcococor«»or*A*'HA*pcDcop*rNOA ch-waai-hoim^ 

rnrcr#m*Hoooowo-Hno^oinfco^-HOO*-iO*HOrcorc»nr*N^«-»w*H*n^o^v»n «^*HorN»nrN»n 


«or , *corNH ,, irNOOrHror , *P , *roc3P'r ,, *^ncoP , *mmmoOPNin#nrNrNi 

'0»ffl4rPi0nif|V00l(J»OH(NH«POHinV0HHHH4?inPCIHI 


■AOlOr fc A*HP'»< ,, »‘^^® 


ornnwcor* 
• opcooosooa 


iP*P'*OOfNP , *r^P-r-P , »C0®AAAOi-4^W^C003AAAAAOi-< 


I o o o o o 


•h^ncdoocop-p- 


ooooooooooooooooooooi 


>inininmininininininininin«)io'fl'fi'o^^' fl 

tooooooooooooooooooooo 


ifl vfl P P P O i*l 

o o o o o o o 

CO CO CO O CO CO CO 


H««OHn®<jio««iflN , 04rinNioMHvoiooN)io«Mcin«c4r®in4?poiNOcn« « ry r n o w « 

SSSSSSSSmSS SwrNin^ HHHiNn np m ” Z £ ~ 2 2 2 Z Z Z „ - « 2 « £ 

®p*r-oorNr-*p*p*r’‘r-coeoAAAO»-i.-i*-i«-icDcoAAAAAO*H*H*-»PCPir i ‘r^coo©ooo h n « o o ® p 

^ ^ HHHHH »H *H »H «-♦ H - H HH 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO O © O O O £ £ 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

CuCuOiO*(kCUCUO*&*Pie4<kO*O.Ckfl*0*(kOiO*0*tkPUO*CUCUO<flUO«0»(kP*0<0«0*0*® ,0 * ft * 0 * 0 * C1- ft k 0* Ot ft k k 
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Table 3b - Augmented BOOMFILE Database (Rise Times) 


u 

« 

X 


*0 

P ~ 

4J 4 J 
-«-• • 

H feu 

< — 


• • 


^ a 


o m 
IA s 

4 J 


e — 


■ W 

fit fit 


■ tn 
a a* 


• — - 
a » 

*4 w 
H B 


u 

X 

< 


^ ^ ^ — a o a 

• • • • • H H H H ^ ^ ^ 

• nnnifiifiifltrtmn in tn in m iflioMfeiDM^vioior^tteoco m ~r to , i . < ^ 

!T r ? T r 2 S £ r* r 4 r 4 r* *2 £ ^ r* w ^ ^ ^ w « os w ^ ^ ^ ^ ^ ^ 

hbbfc*h«(4<^<bh<kh<^^ feu feu feu feu feubu(/)feufeuir)lS)hutufeut/)feubufeufeu bu feu bu fau feu feu feu feu fcu 

ovwor*u->r*o*io«®ooooom®r«ooooininofnr*omtnf>i»noooooo<nr*ooooomo<vo 

NNNrtWOHWHMflNHnHOHN^VOOONNlflfHONHHMMUVHMO^fiH fNVOONINNn 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOO 
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OOOOOOOOOOOOOOO OOOO OOOOOOOOOOOOOOO OOOOO 0000 

ONciwnvfi^w^iflno Noom m %n m> r* m o «* v to o o o rn o o m o o o S 0 r* 

lOOlOI^^HWNIOHHOINO^ «n H lO M ftOI»«(J>MN^(*>ONOVVO if) « m « m OtSOOtt* 

HMfN H trntf*nH w n Hn H <h m ^ rNNw«HM^*4HninmvPtin ** <h ^ ^ ^ ^ 

® c !® <= !®® c ! 00000000000000000000000000000000000 o oooo ooo 

or*i-»o<rr , *‘f ,, *mmfnmcoo»r , imocom* , »»u , iooow^ioxo^o>oovminr , »\oo«9onr*o«o«>oo«nor ,fc ^i 
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uumfnvfn|<Hr>«ooi>i«^rur4 m r* o o v ru m n n n h o\ rs 0 01 1 ^ ^ m 

• llluH -4 -i |f || || . 

I I 

inininmoinooooootnoinoinmooinooooooinoooininoinoinoinininooininoinooin 

rurMr-rsto«Ninoomoinr^inr*mr-tNinortomoooofNooor*‘r*inrMiDrsiinrur^ruinmr“rumr>«inoru 
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tnininooinoinointninoooinmoinmoinotriooooinoootnoinoinininooooininoininoo 
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Table 4a - BOOMFILE Data Analysis Groups 
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Figure 1 - BOOMFILE Test Site and Monitor Locations 
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Sonic Boom Prediction Procedure 
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4a - BOOMFILE Overpressure Data (Low Altitude / Low Mach Number Group) 
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iaure 4b - BOOMFILE Overpressure Data (High Altitude / High Mach Number Group) 
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re 5a - BOOMFILE Rise Time Data (Low Altitude / Low Mach Number Group) 
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Figure 5b - BOOMFILE Rise Time Data (High Altitude / High Mach Number Group) 
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re 6a - BOOMF1LE Loudness Level Data (Low Altitude / Low Mach Number Group! 
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Figure 6b - BOOMFILE Loudness Level Data (High Altitude / High Mach Number Group) 
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Figure 7c - BOOMF1LE Overpressure (Repeat Flights of F18) 
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Figure 7d - BOOMFILE Overpressure (Repeat Flights of FI 5) 
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Figure 8a - BOOMFILE Rise Time (Repeat Flights of F16) 





Figure 8b - BOOMFILE Rise Time (Repeat Flights of F4) 
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Figure 8c - BOOMFILE Rise Time (Repeat Flights of FI 8) 



Figure 8d - BOOMFILE Rise Time (Repeat Rights of FI 5) 
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Figure 9a - BOOMFILE Loudness Level (Repeat Flights of F16) 
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Figure 9b - BOOMFILE Loudness Level (Repeat Flights of F4) 
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Figure 9c - BOOMFiLE Loudness Level (Repeat Flights of F18) 
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Figure 9d - BOOMFILE Loudness Level (Repeat Flights of F15) 
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Figure 10a - XB-70 Overpressure Variation with Time of Day 
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Figure 10b - XB-70 Rise Time Variation with Time of Day 
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Figure 10c - XB-70 Loudness Level Variation with Time of Day 
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Figure 11a - XB-70 Overpressure Asymmetry (Low Altitude / Low Mach Number Group) 
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Figure 11b - XB-70 Overpressure Asymmetry (High Altitude / High Mach Number Group) 
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Figure 12a - XB-70 Loudness Level Asymmetry (Low Altitude / Low Mach Number Group) 
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Figure 12b - XB-70 Loudness Level Asymmetry (High Altitude / High Mach Number Group} 
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Figure 13a - XB-70 Normalized Overpressure Distribution 
(Lateral Distances Less Than 50% of Cutoff) 
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Figure 13b - XB-70 Normalized Overpressure Distribution 
(Lateral Distances Greater Than 50% of Cutoff) 
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Figure 14a - XB-70 Adjusted Loudness Level Distribution 


(Lateral Distances Less Than 50% of Cutoff) 

AIRCRAFT TYPE XB-70 

MACH NUMBER RANGE 0 00 TC 4.00 



Figure 14b - XB-70 Adjusted Loudness Level Distribution 
(Lateral Distances Greater Than 50% of Cutoff) 
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XB-70 Normalized Overpressure Distribution (Morning Hours) 
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Figure 15b - XB-70 Normalized Overpressure Distribution (Afternoon Hours) 
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